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Summary 


The real-time low-cost » data acquisition communication 
network herein described was developed to replace an 
outdated punch card transceiver system. The network 
features the use of the standard ASCII code, operates at 30 
characters per second asynchronously, and has elaborate 

error checking. The system was designed to be device 

independent, using demand-response protocol and low-cost 
dial-up data sets. The network operates synchronously in a 
real-time mode from the Eastern Test Range at Cape Kennedy, 
and is used to transmit pre-launch wind data values for the 
remote calculation of steering-coefficients for the on-board 
flight computer of a launch vehicle . 

The system has proved highly successful in the areas of 

reliability, performance, and overall time saved in the 

acquisition and transmission of data by a factor of 5 to 1 . 

I . Introduction 

On August 20, 1975, a Titan Centaur Launch Vehicle, bearing 
the Viking I space craft bound for the plamet Mars, was 
successfully launched at Kennedy Space Center. With this 
launch and all subsequent launches managed by the NASA Lewis 
Research Center (LeRC) a new data communication network was 
introduced and used to transmit pre-launch wind data values 
to LeRC and the NASA contractors associated with the launch. 
These raw data values are received by the parties in the 
network and are fed into computers where calculations and 
wind profiles, pitch and yaw, are made. The prime 
contractor transmits this calculated data back to the 
on-board flight computer of the launch vehicle, in the form 
of steering coefficients. The flight computer then steers 
the launch vehicle during the critical lift-off phase, thru 
the winds measured. 

The original pre-launch wind data data is obtained from two 
types of weather balloons, released a given time interval 
before and up to a launch. Wind velocities and directions 
are recorded at 200 foot intervals from ground level to 
60,000 feet. This data is formatted and punched cards made 
for the two transceivers. Prior to the use of this system, 
the pre-launch wind data was transmitted by cards from the 
Eastern Test Range (ETR) thru an assortment of IBM 066 and 
1050 card transceivers, with not all modes of the network 
being compatible with each other. (See Fig. la). The card 
data was received on like transceivers and hand carried to 
batch computers at the various sites. Also, in LeRC's case 
the data cards had to be hand carried from one building to 
another by courier at ETR requiring a minimum 10 minute 
delay. These transceivers were subject to frequent 
mechanical breakdowns and many card re-transmissions. 
Between the incompatibility of different machines at the 
different sites and the frequent failures, the need for a 
new system was clear and evident . 
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II. Description of the Network 

The foremost consideration in the design of the network was 
commonality. Each site had different types of large scale 
computers (See Fig. la), made by different manufacturers. 
The machine codes were incompatible, as were the different 
methods, if any, of real time data input. 

The first requirement then was to establish a standard code 
for all machines. The American Standard Code for 
Information Interchange (ASCII 3.4) was selected, and was 
easily adaptable to most sites. 

The second requirement was to upgrade old computer equipment 
at ETR, the data source, to on-line operation. After 
extensive contacts with the Control Data Corporation, data 
controllers and line adapters were found that would fit 
their system. Also, a switching unit was ordered such that 
the same data phone input lines could be switched from 
prime, to back-up computers for both types of data. This 
proved to be a very advantageous feature, in that not only 
was redundancy provided, but only 3 modems and phone lines 
were required for the four computers. (See Figure lb) . 

In the case of the receivers interfacing to the network, 
(NASA Lewis, General Dynamics, and Martin Marietta) , each 
was handled independently. The most straight forward and 
inexpensive path for on-line interfacing where large 
machines are involved, is to provide a small buffer computer 
to handle the data in the demand-response mode, to do the 
error checking, and to overcome large computer systems 
incompatibiJ.ities without major changes of software . 
Following this path then, the General Dynamics Corporation 
elected to use an Interdata 716 which they already had on 
site. NASA, Lewis developed a system using an Intel 8008 
micro-computer a;, . Control Logic hardware (See Fig. 10) . 
Martin Marietta had a Modcomp front-end computer on order, 
but not yet operational. In the interim, they elected to 
use their CDC 6671 control unit, modify their supporting 
software and operate on the network as a conversational 
terminal . 
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In the area of actual teleconununications , the Western 
Electric 103A2 type modem, or equivalent, was selected as 
the data set to be used. Its maximum limit of 300 baud (30 
characters/sec) was well in keeping with the volvime of data 
being tramsmitted. The average message block requires 2.3 
minutes for transmission. The 103A2 type modem is a 
standard of the telecommunication industry for low speed 
communication and was readily accepted. It operates in the 
full duplex mode , thereby requiring no turn-around time or 
control for acknowledgements. 


III. Data Block Format and System Specifications 
Data Block Format 

In order to minimize the major computer programming 
conversion efforts, the system was specified such that the 
data blocks would continue to retain the older systems card 
images, (see Fig. 2) . The 80 character column card also 
translated nicely into 80 character line TTY compatible 
computer terminals, used for debugging and actual data 

monitoring. The data is transmitted in a standard format 

with line count and type of data (i.e. windsound, jimsphere, 
or pitch/yaw) listed in the first line. Further 

identification is given in the second line such as release 
date, time and data description. (See Fig. 3, 4, 5 for data 
samples) 

Data values follow in the third and subsequent lines until 
completed. The last line contains the characters EOT 
followed by spaces, a bell code in column 72, checksum 
values as in every line, a line feed (LF) , and a carriage 
return (CR) . This is followed by the last character 
transmitted which is a EOT code. The line count line 

includes all following lines thru the EOT line. It does not 

include itself (x.e. the first line) in the listed count. 

System Specifications 

Physical Requirements: 
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1. The data will be tranmltted in the standard 7 level 
ASCII character code, with the eighth level being designated 
as even parity. 

2. The transmission rate will be 300 bits per second, 10 
bits per character, (1 start, 7 data (Least Significant Bit 
First) , 1 even parity, and 1 stop) . (Initially the Control 
Data Corporation teleprocessing hardware required 2 stop 
bits for an 11 bit character) . 

3. The data sets used for transmission will be standard 
Western Electric 103A2's or fully equivalent, operating in a 
full-duplex mode. 

4. The "line length" of headers, data and "EO'^" lines will 
be exactly 80 characters. Space codes will be used to fill 
up any blank areas in the header or "EOT" lines. Zeros will 
fill up any blank positions in data lines. Data, snaces or 
header information will occupy line positions 1 ’.nru 72, 
position 73 will be Martin Marietta's special checksum 
(ASCII printable characters numbered 32 thru 95) and 
repeated in column 74, and positions 75 thru 80 will be the 
exclusive OR checksum (ASCII numbers 0-7) , each digit 
repeated once in sequence . A line feed (LF) and carriage 
return (CR) will always follow the 80th character position. 

5. A minimum pause of 200 milli-seconds will follow each 
transmission of a carriage return to allow for terminal 
printing mechanism to return to its starting position. When 
the data has been received and error checked, 
ack' owledgements will be sent by the recipient of the data. 
A printable exclamation point "I" will be a positive 
acknowledgement signifying the line is error free and the 
next line can be transmitted. A printable question mark "?" 
will be a negative acknowledgement signifying the line is in 
error and must be re-transmitted. In the event there are 
six negative acknowledgements (NAK's) for any one line, the 
data link will be disconnected at the data source and a new 

-line redialed. 

6. In the event acknowledgements are received after a 
period of 6 seconds, a positive acknowledgement will be 


4 


assumed, emd the next line transmitted (implicit ACK) . The 
purpose of this specification is twofold, the first being to 
allow the data source computers at ETR to complete the 
sequence without being tied up indefinitely waiting for a 
response emd secondly, to allow the receivers a fixed time 
frame for a message transmission. A side benefit also 
allows the data to be received at a receivers ' monitor 
terminal for visual confirmation without a response being 
necessary. 

Operational Characteristics: 

1. The Eastern Test Reuige (ETR) has 3 "ports" or data paths 
available on different direct distance dialed phone numbers. 
Those ports may be group switched between the various 
computers, but all must be switched at the same time 
depending on the source of data. 

2 . ETR transmits the data simultaneously thru the three 
ports upon verbal confirmation that all parties are ready 
and data is available . 

3. The data sequence starts when the receivers each 
dial-in and transmit a positive acknowledgement (1) to ETR. 

4 . In the event of errors being detected by one or more 
parties in the network, the lines in error are 
re-transmitted. The other parties continue to receive data 
without delay or interruption. 

5 . ETR operates only as a data source . 

6. Data calls should be terminated (lines disabled) by ETR 
when the EOT code is transmitted or when 6 consecutive 
negative acknowledgements have been received for any one 
line . 

7 . The General Dynamics Corporation (GDC) operates as both 
receiver of data from ETR and a transmitter of P/Y values to 
Martin-Marietta and NASA LeRC. 

8. GDC in transmit mode operates in a similar manner as 
ETR and has two ports available on different DDD numbers 



T 
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IV. Description of Error Checking 

The error checking procedures of a given block of data are 
mauiy and straight forward, which lead to a highly reliable 
system of raw data transmission. Current estimated values 
show typical error rates for the data speed and grade 
telephone lines used, to be in order of one bit error in 
500,000 bits. With the addition of the different forms of 
error checking applied to the data, it is estimated the 
probability of an undetected bit error entering the data is 
as high as 1 bit error in 10^ bits transmitted. The types 
of error checking done are as follows: 

1. Vertical even parity checking on each ASCII character 
received. (Seven data bits with one parity bit) 

2. An exact line length of 80 characters. 

3. An exact line count as listed in the first start of 
message line. 

4. Redundancy in line count, and all check sum values (each 
value given twice) . 

5 . An exclusive OR checksum of a total line . 

6 . A special checksum summing data bit values and 
converting them to a printable ASCII character. 

An error detected automatically by the receiver, with any 
one or more of the six error checking methods above would 
result in negative acknowledgement of the line of data 
received and cause the same line to be retransmitted. In 
the event of a difference of line count transmitted and 
lines received, the EOT line would receive 6 negative 
acknowledgements and the call terminated for re-dial . 
Generally any errors received fall into the category of 
"burst noise" on the telephone circuits. This "burst noise" 
usually lasts from one to three character times and will be 
detected by the vertical parity check and both checksums . 
If the telephone line is continually noisy, the only 
solution is to be disconnected and re-dial . 
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The Exclusive OR Checksuia Characters 

A checksum will be generated by the data source for each 
line of data using exclusive OR, binary arithmetic (7 
data-bit levels only), without carries. This sum will be 
converted to ASCII printable characters (0-7) binary to 
octal conversion and transmitted at the end of the line of 
data (cc75-80) . Each character will be printed twice with 
the most significant number first. (Reference Fig. 7) 

Acknowledgements will be based on the receiver of the data 
doing similar arithmetic in the Front End computer and 
comparing it with the transmitted values. 

Martin Marietta Special Checksum Characters 

In the development of the network, it was found that the 
Martin-Marietta CDC 6500 computer had no way using the 
normal checksum method outlined above , in that the ASCII 
character values when taken directly in the machine were 
converted to internal codes and lost their identity for 
checksumming. This left Martin-Martin without any line 
checksum features. To overcome this, a special checksum 
method was derived and placed in Coiximns 73 and repeated in 
column 74. The basic operation of this checksum lies in the 
creation of an internal table within the CDC 6500 such that 
an integer value will be assigned to each internal code 
value as it is converted from its ASCII character. This 
integer value is pre-defined within the 64 ASCII character 
set. The internal codes are summed in modulo 64 arithmetic 
as they are received. Then the special checksum character 
is received it is likewise converted and compared with the 
sum. If they agree, a positive acknowledgement is sent 
back. If they disagree, a negative acknowledgement is sent 
back and the line is retransmitted. A sample of this 
special checksum is shown in Fig. 8. 
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V. Concluding Remarks 


I 


Since the network was designed and implemented for the 
August 20 , 1975 Viking A Launch, it has been used 
successfully in 5 other launches i.e., 1) Viking B, second 
spacecraft to the planet Mars, 2) AC 36, an Intelsat-IVA 
Telecommunication satellite, 3) T-C Helios, a West German 
spacecraft for exploration of the Sun, 4) CTS satellite 
launched by McDonald-Douglas, 5) AC37 Intelsat IVA, a second 
telecommunication satellite. 

A Windsound plot of the raw data values and a superimposed 
smoothed curve has been included (Fig. 9) to show typical 
sample of the data values received. 

The on-line experience of the network gained from 
acquisition of wind data for these launches, revealed the 
maximum worst case error failures to be the rejection of two 
consecutive lines, which occurred once during the 
twenty-four data runs (approximately 72,000 characters). 
The normal mode generally had no errors. It was found that 
if the data phone-lines were established for a long period 
of time prior to data transmission, the first data line 
occasionally would require re-transmission due to burst 
noise during the wait period. At no-time has a party in the 
network been disconnected because of the 6 conyecutive error 
line specification. 

An additional benefit comes from the design of the network 
that allows any receiver can also act as a relay point and 
re-transmit the data to another party. A single point 
failure has been eliminated once the data is obtained by one 
or more parties originally. This feature has instilled a 
level of confidence in the contractors and NASA Lewis such 
that all parties have since released their card transceiver 
equipment which had been kept as an emergency back up 
system. 

In conclusion, it has been shown that the many benefits of 
the system, in terms of reliability, performance, and time 
saved in the acquisition of the data, have far exceeded the 
initial design goals and has already justified the time and 
expense in the networks development. 

The author wishes to acknowledge the contributions of Mr. 
Fredrick N. Goldberg and Mr. John Estes of NASA LeRC , Mr. 
Donald Terry of General Dynamics Corporation, San Diego, 
California, Mr. Robert Hanley of Martin-Marietta 
Corporation, Denver Colorado, and Mr. Bruce Flickenger of 
RCA, ETR Florida during the development, debug, and 
implementation phases of the network. 
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FIGURE la 











All ADDJUST wind and steering data will be communicated with two header lines 
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Figure 6a - Data Transmission Sequence 


Data Call Originator (Data Receiver) Data Source 

(LeRC, GDC, mm) (ETR, GDC) 


1 . 

2 . 


3. 


4. 


The 103AZ Data Sets are enabled (terminal 
ready high) by the CPU and are placed 
in the auto-answer mode . 

The System Operator initiates 
data call to source. 

2a. Data set emswers automatically and 
places 2020 hz tone on the line. 

The System Operator places own 
dataset in data mode by pushing 
"data button". 

3a. Data set receives carrier tone 

1020 hz and provides connect status 
to CPU. 

The System Operator initiates 
the data transfer sequence by 
sending a code (41/octal) 

(A positive acknowledgement) . 

4a. The CPU accepts the acknowledgement 
code and transmits the first line 
of data . 


5. The system receives the 
line of data and analyzes the 
error codes transmitted at 
the end of the line. 

If there are no errors the system 
automatically transmits a positive 
acknowledgement " ! " . 


If there is ein error, a negative 
acknowledgement "?" is automatically 
transmitted. 

5a. The CPU analyzes the 

acknowledgement code received and does 
the following: 

A. If it is a positive acknowledgement, 
the CPU will transmit the next 

line of data. 

B. If it is a negative acknowledgement, 
the CPU will transmit the same 

line of data over again. 


Figure 6a - Concluded 


6. This process (step 5 and 5a) is 
repeated until the whle data 
block is tr 2 msmitted. If there 
are six negative acknowledgements 
for any one line, the sequence 
is stopped and the line dis- 
connected . 

7. 


8. The EOT code is received and 
detected, indicating the trans- 
mission is complete. The data 
set is disconnected (terminal 
ready dropped) automatically. 

8a. 


Following the last line of data, 
the characters EOT and a EOT code is 
transmitted. (04 octal) 


The CPU senses the loss of carrier 
emd drops teminal ready 
disconnecting the data set and 
phone line. 


Figure 7 - Sample Calculation of Checksum 


First Line 

1st character 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

18-722 

73 

74 

75 

76 

77 

78 

79 

80 


ASCII Character /CODE/ 8 


Binary Value 


C 

s 

0 

M 

4 

2 

Space 

Space 

4 

2 

Space 

Space 

W 

Space 

Space 

Space 

W 

Space 

L 


1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

1 


10 0 
10 1 
10 0 
10 0 


0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 


1 1 
1 1 


1 

1 

1 

1 

0 

0 

0 

0 


0 0 


0 0 
0 0 


0 1 0 
1 0 0 


1 
0 
0 
1 
0 
0 

0 0 0 
1 1 1 
0 0 0 
10 0 


0 

1 

0 

0 


0 

0 

0 

1 

0 

0 



1 - where Xjj , and Zjj are generated checksum values and 

converted to ASCII printable characters (i.e. X + 60/8 

2 - Note: In exclusive OR summing without carries, even 

repeated characters are self canceling. 


6X/8) 


Figure 8 - Sample Calculation of Martin-Marietta's 

Special Checksum 


I. Sample Integer Assignments 

ASCII Character Octal Value Sequenced Integer Code 
Space Code 0100000 0 

0 (Zero) 0110000 16 

C 1000011 35 

P 1010000 48 


II. Checksum Calculation for First Lines 

ASCII Character Integer Value 

1st Character C 35 

2 S 51 

3 0 47 

4 M 45 

5 4 20 

6 2 18 

7 Space 0 

8 Space 0 

9 4 20 

10 2 18 

11 Space 0 

12 Space 0 

13 W 55 

14 Space 0 

15 Space 0 

16 Space 0 

17 W 55 

18-72 Spaces 0 

3'64/10' = 554/8 

5 54/8 44/10 decimal integer value 

The ASCII character for integer value 44 is ”L", which is then 
transmitted in columns 73 and 74. 






Figure 10 - Micro-Computer 

Kha»KODUCIBD,Ury 0/ 1HJ8 
original' PACE IS P(K)ll 






